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Abstract

Objective: We aimed to investigate the association of lipid parameters with

parenchymal hemorrhage (PH) and early neurological improvement (ENI) after

mechanical thrombectomy (MT) in stroke patients. Methods: We retrospec-

tively analyzed consecutive patients who underwent MT between January 2019

and February 2022 at a tertiary stroke center. PH was diagnosed and classified

as PH-1 and PH-2 according to the European Cooperative Acute Stroke Study

definition. ENI was defined as a decrease in the National Institutes of Health

Stroke Scale (NIHSS) score by ≥8 or an NIHSS score of ≤1 at 24 h after MT.

Results: Among 155 patients, PH occurred in 41 (26.5%) patients, and 34

(21.9%) patients achieved ENI. In multivariate analysis, lower triglyceride to

high-density lipoprotein cholesterol ratio (TG/HDL-C) value (OR = 0.51; 95%

CI 0.30–0.89; p = 0.017) and higher HDL-C level (OR = 5.83; 95% CI 1.26–
26.99; p = 0.024) were independently associated with PH. The combination of

TG <0.77 mmol/L and HDL-C ≥ 0.85 mmol/L was the strongest predictor of

PH (OR = 10.73; 95% CI 2.89–39.87; p < 0.001). A low HDL-C level was an

independent predictor of ENI (OR 0.13; 95% CI 0.02–0.95; p = 0.045), and PH

partially accounts for the failure of ENI in patients with higher HDL-C levels

(estimate: �0.05; 95% CI: �0.11 to �0.01; p = 0.016). Interpretation: The

combination of lower TG level and higher HDL-C level can predict PH after

MT. Postprocedural PH partially accounts for the failure of ENI in patients

with higher HDL-C levels. Further studies into the pathophysiological mecha-

nisms underlying this observation are of interest.

Introduction

Mechanical thrombectomy (MT) has been proven to be

effective for patients with acute ischemic stroke (AIS)

caused by large-vessel occlusion.1 With the DAWN and

DEFUSE3 trials extending the time window for MT to

24 h, more patients with AIS are eligible and benefit from

MT.2,3 However, more than 50% of patients still have

unfavorable outcomes after successful recanalization.4

Early neurological improvement (ENI) as measured by

the change in the National Institutes of Health Stroke

Scale (NIHSS) score is a valid parameter of the effect of

MT and is a predictor of favorable long-term clinical

outcomes.5 In addition, hemorrhagic transformation
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(HT), especially parenchymal hemorrhage (PH), is the

most severe complication of MT and is associated with

high mortality and disability.6 PH-2 which represents

more extended parenchymal hematoma is the only sub-

type of HT that was found to be associated with early

deterioration and of 3-month mortality after intravenous

thrombolysis.7 Early identification of factors associated

with PH and ENI may inform potential targets for peri-

procedural medical management.

Hyperlipidemia is an important risk factor for cardio-

vascular disease.8 Clinical studies have focused on the

relationship of serum lipid markers with HT and clinical

outcomes after an acute ischemic event. However, these

studies yielded conflicting results. Several studies reported

lower low-density lipoprotein cholesterol (LDL-C), tri-

glyceride (TG), total cholesterol (TC), and nonhigh-

density lipoprotein cholesterol (HDL-C) levels indicating

an increased risk of HT after AIS.9–12 However, others

reported that LDL-C, TC, TG, and HDL-C levels did not

correlate with HT after AIS.13–15 Moreover, several studies

found that low TG and TG/HDL-C values were indepen-

dently associated with poor outcomes after AIS.8,10,16

However, the association of lipid profiles with PH and

ENI remains unexplored in patients with AIS who are

treated with MT. In addition, PH-2 as the most severe

subtype of HT in the radiological classification scheme

has rarely been distinguished from hemorrhagic infarction

(HI) and PH-1 in previous studies.

In this study, we aimed to investigate the impact of serum

lipid profiles on PH, PH-2, and ENI in patients with AIS

who are treated by MT. Given the observations of some of

these prior AIS reports, we hypothesized that patients with

low LDL-C, TG, and high HDL-C levels may have a higher

likelihood of HT and a lower likelihood of ENI.

Methods

Patient population

We retrospectively investigated consecutive patients with

AIS who underwent MT at our institution between Janu-

ary 2019 and February 2022. The study was approved by

the ethics committee of The First People’s Hospital of

Kashi Prefecture. Patient informed consent was waived

due to the retrospective study design.

Inclusion criteria were: (1) age ≥ 18 years; (2) admitted

within 24h of symptom onset; (3) large-vessel occlusion

demonstrated by magnetic resonance or computed

tomography (CT) angiography; (4) treated by MT with

or without intravenous thrombolysis; (5) follow-up CT

performed at 24 h after MT to evaluate HT; (6) measure-

ment of fasting blood lipid levels within 24 hours of

admission. Exclusion criteria were: (1) presence of

intracranial hemorrhage before MT, (2) hepatitis, cirrho-

sis, liver cancer, coagulation dysfunction, or thrombo-

cytopenia, and (3) no clinical or imaging information or

no results for blood lipid levels.

Endovascular treatment procedure

Patients admitted within 4.5 h of symptom onset were

treated with intravenous recombinant tissue plasminogen

activator if they had no contraindications. MT was initi-

ated directly if there were contraindications to thromboly-

sis or in the presence of a significant thrombus burden.

Solitaire or Solitaire AB stent retriever thrombectomy was

performed as the first-line thrombectomy technique. If

recanalization was unsuccessful (modified Thrombolysis

in Cerebral Infarction score < 2b), balloon angioplasty or

stent implantation was performed.

Collection of data

Baseline characteristics included patient demographics,

vascular risk factors, medical history, NIHSS score on

admission, baseline ASPECTS (Alberta Stroke Program

Early Computed Tomography Score), procedure-related

data, and stroke etiology identified by the TOAST (Trial

of Org 10172 in Acute Stroke Treatment) classification

system. Fasting blood lipid levels were measured using an

automated biochemistry analyzer within 24 h of admis-

sion. Serum TC and TG levels were measured by enzyme

assays (CHOP-PAP and GPO-PAP). HDL-C and LDL-C

levels were measured using an enzymatic clearance assay

(CAT method).

Outcomes

HT was diagnosed and classified as HI or PH following the

European Cooperative Acute Stroke Study III17 based on

24 h CT. PH-1 was defined as the presence of hemorrhage

in ≤30% of the infarcted area with some space-occupying

effect and PH-2 as hemorrhage in >30% of the infarcted area

with a substantial space-occupying effect. Symptomatic

intracranial hemorrhagic (sICH) was diagnosed according to

the Heidelberg bleeding classification.17 Patients were

divided into PH and non-PH, PH-2 and non-PH-2 groups.

The non-PH group represented patients with no HT or cases

with only the HI subtype, the non-PH-2 group represented

patients with no HT or cases with HI or PH-1 subtype. The

HT outcomes were adjudicated by two neuroradiologists

with more than 5-year experience who were blinded to the

patient’s clinical condition. Disease severity was assessed by

the NIHSS score 24 hours after MT and at discharge. ENI

was defined as a decrease in the NIHSS score by ≥8 points or
an NIHSS score of ≤1 at 24 h after MT.18,19
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Statistical analysis

The baseline patient characteristics and outcome parame-

ters are shown as the mean (standard deviation) or as the

median with interquartile range (IQR) for continuous

variables, and as the frequency or proportion for categori-

cal variables. Differences in characteristics between the

PH and non-PH, PH-2 and non-PH-2, ENI and non-ENI

groups were compared using the independent-sample t-

test or Mann–Whitney U test for continuous variables

and the chi-squared or Fisher’s exact test for categorical

variables. Because some patients with missing data were

excluded, we compared the characteristics between partic-

ipants with complete data and those with incomplete data

in the supplemental materials (Table S1).

The association between lipid parameters and PH and

ENI after MT was assessed in binary logistic regression

models. Variables with a p-value <0.1 in univariate analy-

sis and clinically significant variables were entered into

the multivariate analysis. Receiver-operating characteristic

(ROC) curve analyses were used to determine the optimal

TG, HDL-C, and TG/HDL-C cutoff values that identified

PH. The optimal cutoffs were determined at the maximal

Youden index. Based on these thresholds, we converted

TG and HDL-C to binary variables. Next, we used binary

logistic regression models to assess the association of the

combination of binary TG and HDL-C (TG-HDL-C) with

PH. We then used ROC curve analysis to assess the TG-

HDL-C combination’s ability to identify PH.

All the above statistical analyses were performed using

IBM SPSS statistics version 26.0 software (IBM Corp.,

Armonk, NY, USA). All significant tests were two-sided

and a p-value <0.05 was considered statistically

significant.

Mediation analyses were performed to determine

whether PH mediated the relation between HDL-C level

and ENI by using mediation Packages in R, version 4.1.0

(R Foundation for Statistical Computing, Vienna, Aus-

tria). The causal mediation analyses were conducted using

a nonparametric bootstrap approach, which can automat-

ically judge the model type and calculate the estimate of

the average causal mediation effect (ACME), average

direct effect (ADE), total effect, and proportion. The

number of bootstrap samples in each analysis was set to

1000 to obtain a more stable estimate of the effect.

Results

Baseline characteristics and treatment
outcomes of the study population

Initially, 183 patients with acute large-vessel occlusion

who underwent MT were enrolled. After excluding 23

patients without lipid level data, 3 without follow-up CT,

and 2 with an equivocal NIHSS score at baseline, data for

155 patients were included in the study (Fig. S1). There

54.8% (85/155) of patients were men. The mean patient

age was 54.9 � 13.8 years. The median baseline NIHSS

and ASPECTS scores were 12 (IQR 9–16) and 9 (IQR 8–
10), respectively. A total of 48 (31.0%) patients received

intravenous thrombolysis. In total, 26.5% (41/155) were

diagnosed with PH, 14.8% (23/155) were diagnosed with

PH-2, and 34 (21.9%) achieved ENI at 24 h after MT

(Table S1).

Factors associated with parenchymal
hemorrhage after mechanical
thrombectomy

Compared with the non-PH group, patients with PH had

a lower body mass index (BMI; 23.5 vs 25.1, p = 0.046),

a higher proportion with tandem occlusion (31.7% vs

14.9%, p = 0.020), a lower TG level (1.03 mmol/L vs

1.25 mmol/L, p = 0.030), a lower TG/HDL-C value (0.98

vs 1.47, p = 0.003), and a higher HDL-C level

(1.03 mmol/L vs 0.88 mmol/L, p = 0.010). (Table 1).

After adjustment for age, BMI, baseline NIHSS score,

baseline ASPECTS, tandem occlusion, and bridging

thrombolysis, multivariate logistic regression analysis

showed that the HDL-C level (adjusted odds ratio [aOR]

5.83; 95% CI 1.26–26.99; p = 0.024) and TG/HDL-C

value (aOR 0.51; 95% CI 0.30–0.89; p = 0.017) were inde-

pendently associated with PH (Table 3, Table S4).

Patients with PH-2 had a lower BMI (24.2 vs 25.0,

p = 0.040), a longer procedure time (170 min vs

139 min, p = 0.018), higher rate with general anesthesia

(39.1% vs 18.9%, p = 0.031) and tandem occlusion

(34.8% vs 16.7%, p = 0.042), a higher HDL-C level

(1.06 mmol/L vs 0.89 mmol/L, p = 0.003), lower TC/

HDL-C (3.81 vs 4.22, p = 0.028), TG/HDL-C (0.98 vs

1.40, p = 0.013), and LDL-C/HDL-C (2.18 vs 2.92,

p = 0.042) values than those without PH-2. (Table S2).

After adjustment for age, BMI, baseline NIHSS score,

baseline ASPECTS score, tandem occlusion, procedure

time, requirement for general anesthesia, and bridging

thrombolysis, the HDL-C level (aOR 11.38; 95% CI 1.67–
77.45; p = 0.013) and TG/HDL-C value (aOR 0.44; 95%

CI 0.19–0.99; p = 0.047) were independently associated

with PH-2 (Table 3, Table S5).

Ability of TG, HDL-C, TG/HDL-C, and TG-HDL-C
to predict parenchymal hemorrhage

Figure 1 shows the ROC curves for the ability of lipid

parameters to correlate with PH and PH-2. For PH, the

optimal thresholds for the ability of TG and HDL-C to
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predict PH were 0.77 and 0.85 mmol/L, respectively. The

predictive ability of the combined binary variates TG and

HDL-C (TG-HDL-C: AUC 0.704, 95% CI 0.612–0.796,
p < 0.001) was significantly better than that of HDL-C

(AUC 0.635, 95% CI 0.540–0.731, p = 0.010) and TG/

HDL-C (AUC 0.659, 95% CI 0.563–0.754, p = 0.003). For

PH-2, the optimal cutoff points for TG and HDL-C were

0.80 and 0.87 mmol/L, respectively. The predictive ability

of TG-HDL-C (AUC 0.766, 95% CI 0.668–0.863,
p < 0.001) was also superior to that of HDL-C (AUC

0.695, 95% CI 0.591–0.799, p = 0.003) and TG/HDL-C

(AUC 0.662, 95% CI 0.544–0.780, p = 0.013) (Table S6).

Figure 2 and Table S7 show the ability of the combi-

nation of the binary variates TG and HDL-C to predict

PH and PH-2. When TG was set at ≥0.77 mmol/L and

HDL-C at <0.85 mmol/L, which predicted the lowest

risk of PH as the reference, the combination of TG

<0.77 mmol/L and HDL-C ≥ 0.85 mmol/L had the best

ability to predict PH (aOR 10.73; 95% CI 2.89–39.87;
p < 0.001). Setting TG at ≥0.80 mmol/L and HDL-C at

<0.87 mmol/L as the reference, the combination of TG

<0.80 mmol/L and HDL-C ≥ 0.87 mmol/L was the

strongest predictor of PH-2 (aOR 52.29; 95% CI 4.86–
562.60, p = 0.001).

Table 1. Demographic and clinical characteristics of participants in PH and non-PH groups.

Variable PH (n = 41) Non-PH (n = 114) p-Value

Age, mean � SD, years 56.0 � 14.6 54.5 � 13.6 0.537

Male, n (%) 22 (53.7) 63 (55.3) 0.859

BMI, median (IQR), kg/m2 23.5 (21.8–25.7) 25.1 (23.4–27.4) 0.046

Risk factors

Smoking, n (%) 7 (17.1) 31 (27.2) 0.196

Diabetes mellitus, n (%) 6 (14.6) 22 (19.3) 0.506

Hypertension, n (%) 15 (36.6) 45 (39.5) 0.745

Atrial fibrillation, n (%) 12 (29.3) 23 (20.2) 0.232

History of stroke/TIA, n (%) 4 (9.8) 12 (10.5) 0.889

Prior anticoagulant/antiplatelet drug use, n (%) 7 (17.1) 27 (23.7) 0.380

Clinical variables

Baseline NIHSS score, median (IQR) 13 (11–17) 12 (8–16) 0.228

Baseline ASPECTS, median (IQR) 9 (8–10) 9 (8–10) 0.563

Onset-to-puncture time, median (IQR), min 412 (319–728) 478 (311–832) 0.362

Procedure duration, min 145 (113–222) 139 (100–183) 0.249

SBP after MT, median (IQR), mmHg 126 (117–142) 130 (114–150) 0.568

DBP after MT, median (IQR), mmHg 75 (66–87) 80 (69–90) 0.120

Bridging thrombolysis, n (%) 14 (34.1) 34 (29.8) 0.608

TOAST classification

Cardioembolism, n (%) 18 (43.9) 43 (37.7) 0.487

Large arterial atherosclerosis, n (%) 18 (43.9) 61 (53.5) 0.291

Undetermined/others, n (%) 5 (12.2) 10 (8.8) 0.525

General anesthesia, n (%) 12 (29.3) 22 (19.3) 0.186

Stent retriever passes, median (IQR) 2 (1–2) 2 (1–3) 0.551

mTICI score 2b or 3, n (%) 38 (92.7) 94 (82.5) 0.132

Tandem occlusion, n (%) 13 (31.7) 17 (14.9) 0.020

Rescue therapy, n (%) 7 (17.1) 22 (19.3) 0.754

Laboratory data

Serum glucose, median (IQR), mmol/L 6.4 (5.6–8.7) 6.5 (5.7–8.2) 0.826

Uric Acid, mean � SD, lmol/L 269.6 � 80.7 294.6 � 101.0 0.211

TC, median (IQR), mmol/L 3.85 (3.18–4.80) 4.00 (3.16–4.54) 0.849

TG, median (IQR), mmol/L 1.03 (0.74–1.65) 1.25 (0.92–1.72) 0.030

HDL-C, median (IQR), mmol/L 1.03 (0.87–1.21) 0.88 (0.77–1.06) 0.010

LDL-C, median (IQR), mmol/L 2.51 (2.02–3.23) 2.55 (2.02–3.28) 0.692

TC/HDL-C, median (IQR) 3.94 (3.31–4.61) 4.24 (3.48–5.09) 0.087

TG/HDL-C, median (IQR) 0.98 (0.75–1.68) 1.47 (0.99–2.17) 0.003

LDL-C/HDL-C, median (IQR) 2.63 (2.07–3.24) 2.92 (2.17–3.52) 0.241

ASPECTS, Alberta Stroke Program Early Computed Tomography score; BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density

lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; mTICI, modified thrombolysis in cerebral Infarction; NIHSS, National Institutes of

Health Stroke Scale; PH, parenchymal hemorrhage; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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Factors associated with early neurological
improvement after mechanical
thrombectomy

Compared with patients without ENI, those who devel-

oped ENI had a higher baseline ASPECTS (9.5 vs 9.0,

p = 0.037), a shorter onset-to-groin puncture time (401

vs 548, p = 0.022), and procedure duration time (118 vs

150, p = 0.004), a lower PH rate (8.8% vs 31.4%,

p = 0.008), and a lower level of HDL-C (0.85 mmol/L vs

0.92 mmol/L, p = 0.035) (Table 2, Table S3). The multi-

variate logistic regression analyses showed that baseline

ASPCTS per 1-point increment (OR 1.48; 95% CI 1.01–
2.91; p = 0.046), procedure duration per 10 min

Figure 1. Receiver-operating characteristic curve analysis showing the predictive power of TG, HDL-C, TG/HDL-C, and TG-HDL-C (combined

binary variates TG and HDL-C) for PH (A) and PH-2 (B) in AIS patients after MT. The predictive ability of TG-HDL-C for PH and PH-2 was

significantly better than that of TG, HDL-C, and TG/HDL-C. AIS, acute ischemic stroke; HDL-C, high-density lipoprotein cholesterol; MT,

mechanical thrombectomy; PH, parenchymal hemorrhage; TG, triglyceride.

Figure 2. A combination of binary variates TG and HDL-C for predicting PH (A) and PH-2 (B) in AIS patients who underwent MT. The

combination of TG <0.77 mmol/L and HDL-C ≥ 0.85 mmol/L was the strongest predictor of PH, and the combination of TG <0.80 mmol/L and

HDL-C ≥ 0.87 mmol/L was the strongest predictor of PH-2. AIS, acute ischemic stroke; HDL-C, high-density lipoprotein cholesterol; MT,

mechanical thrombectomy; PH, parenchymal hemorrhage; TG, triglyceride.
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increment (OR 0.92; 95% CI 0.85–0.99; p = 0.020), HDL-

C level per 1.0 mmol/L increment (OR 0.13; 95% CI

0.02–0.95; p = 0.045), and HDL-C <0.81 mmol/L (OR

3.50; 95% CI 1.41–8.74; p = 0.007) were independently

associated with ENI. (Table 4).

Figure 3 shows the results of the causal mediation ana-

lyses. The direct effect (estimate: �0.36; 95% CI: �0.70

to �0.01; p = 0.048) and total effect (estimate: �0.41;

95% CI: �0.73 to �0.04; p = 0.032) were significantly

present between HDL-C levels and ENI. The indirect

effect of the PH (estimate: �0.05; 95% CI: �0.11 to

�0.01; p = 0.016) was significant for the relation between

HDL-C and ENI, and 11.5% of the total effect contrib-

uted to mediation by the presence of PH after adjusting

for tandem occlusions, procedure duration, NIHSS score,

and ASPECTS.

Discussion

The findings of this study suggest that a low TG/HDL-C

value and a high HDL-C level are independently associ-

ated with an increased PH or PH-2 risk after MT in

patients with AIS. Moreover, PH and PH-2 were better

predicted by a combination of TG and HDL-C as binary

Table 2. Demographic and clinical characteristics of participants in ENI and fENI groups.

Variable ENI (n = 34) fENI (n = 121) p-Value

Age, mean � SD, years 51.8 � 15.4 55.8 � 13.3 0.138

Male, n (%) 18 (52.9) 67 (55.4) 0.801

BMI, median (IQR), kg/m2 25.3 � 3.4 25.0 � 3.4 0.590

Risk factors

Smoking, n (%) 8 (23.5) 30 (24.8) 0.880

Diabetes mellitus, n (%) 4 (11.8) 24 (19.8) 0.326

Hypertension, n (%) 13 (38.2) 47 (38.8) 0.949

Atrial fibrillation, n (%) 5 (14.7) 30 (24.8) 0.241

History of stroke/TIA, n (%) 4 (11.8) 12 (9.9) 0.753

Prior anticoagulant/antiplatelet drug use, n (%) 11 (32.4) 23 (18.2) 0.097

Clinical variables

Baseline NIHSS score, median (IQR) 13.0 (9.0–17.0) 12.0 (9.0–15.5) 0.404

Baseline ASPECTS, median (IQR) 9.5 (8.8–10.0) 9.0 (8.0–10.0) 0.037

Onset-to-puncture time, median (IQR), min 401 (243–558) 548 (329–834) 0.022

Procedure duration, min 118 (90–153) 150 (111–211) 0.004

SBP after MT, median (IQR), mmHg 131 (107–143) 129 (118–151) 0.164

DBP after MT, median (IQR), mmHg 78 (68–87) 79 (69–90) 0.666

Bridging thrombolysis, n (%) 11 (32.4) 37 (30.6) 0.843

TOAST classification

Cardioembolism, n (%) 17 (50.0) 44 (36.4) 0.150

Large arterial atherosclerosis, n (%) 13 (38.2) 66 (54.5) 0.093

Undetermined/others, n (%) 4 (11.8) 11 (9.1) 0.743

General anesthesia, n (%) 6 (17.6) 28 (23.1) 0.494

Stent retriever Passes, median (IQR) 1.0 (1.0–2.0) 2.0 (1.0–3.0) 0.551

mTICI score 2b or 3, n (%) 32 (94.1) 100 (82.6) 0.096

Tandem occlusion, n (%) 4 (11.8) 26 (21.5) 0.325

Rescue therapy, n (%) 4 (11.8) 25 (20.7) 0.240

Laboratory data

Serum glucose, median (IQR), mmol/L 6.0 (5.3–7.7) 6.5 (5.7–8.6) 0.104

Uric acid, mean � SD, lmol/L 289.7 � 103.6 286.5 � 95.4 0.866

TC, median (IQR), mmol/L 3.54 (3.05–4.20) 4.01 (3.21–4.72) 0.113

TG, median (IQR), mmol/L 1.15 (0.96–1.60) 1.22 (0.83–1.75) 0.589

HDL-C, median (IQR), mmol/L 0.85 (0.70–0.97) 0.92 (0.81–1.13) 0.035

LDL-C, median (IQR), mmol/L 2.36 (2.04–2.93) 2.59 (1.99–3.30) 0.327

TC/HDL-C, median (IQR) 4.38 (3.36–5.28) 4.13 (3.43–4.89) 0.568

TG/HDL-C, median (IQR) 1.51 (1.00–2.20) 1.31 (0.86–1.87) 0.143

LDL-C/HDL-C, median (IQR) 3.04 (2.05–4.00) 2.75 (2.09–3.44) 0.480

ASPECTS, Alberta Stroke Program Early Computed Tomography score; BMI, body mass index; DBP, diastolic blood pressure; fENI, failure of early

neurological improvement; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure;

mTICI, modified thrombolysis in cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; TC, total cholesterol; TG, triglyceride.
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variates than by TG, HDL-C, or TG/HDL-C. In addition,

a high level of HDL-C was associated with decreased

probability of ENI, and postprocedural PH was partially

responsible for the failure of ENI in patients with higher

HDL-C levels.

HT is the most severe complication after MT and is

associated with an increased risk of mortality and poor

functional outcomes. The European Cooperative Acute

Stroke Study III categorizes HT as HI or PH, the latter of

which represents a more serious category. Previous stud-

ies found that PH, but not HI, was independently associ-

ated with an increased risk of death and disability.20,21

In previous studies, the HT rate after MT ranged from

29.4% to 42.6% and the sICH rate ranged from 6.3% to

12.4%.22–25 In our study, the HT rate was 41.9% and the

sICH rate was 10.3%, in line with the results of previous

studies. An observational study reported a PH rate of

25.7%,26 which is close to our rate of 26.5%. In our

study, the LDL-C/HDL-C and TC/HDL-C values were

significantly lower in the PH-2 group than in the non-

PH-2 group, which is concordant with previous

studies.9,27 We also found a lower BMI and higher tan-

dem occlusion rates in our PH and PH-2 groups, and a

higher rate of patients with PH-2 requiring general

anesthesia.

One study found that an elevated serum HDL-C level

and decreased TG level were associated with an increased

risk of lobar cerebral microbleeds in older patients.28 A

Table 3. Univariate and multivariate logistic regression analysis of the association between lipid parameters and PH and PH-2.

PH PH-2

Unadjusted OR

(95% CI) p-Value

Adjusted OR

(95% CI)1 p-Value

Unadjusted OR

(95% CI) p-Value

Adjusted OR

(95% CI)2 p-Value

TG, mmol/L 0.54 (0.30–0.997) 0.049 0.58 (0.31–1.08) 0.088 0.66 (0.33–1.33) 0.242 0.69 (0.32–1.47) 0.332

HDL-C, mmol/L 6.28 (1.47–26.81) 0.013 5.83 (1.26–26.99) 0.024 11.75 (2.05–67.37) 0.006 11.38 (1.67–77.45) 0.013

TG/HDL-C 0.48 (0.28–0.83) 0.008 0.51 (0.30–0.89) 0.017 0.44 (0.21–0.92) 0.029 0.44 (0.19–0.99) 0.047

TC/HDL-C 0.73 (0.53–0.995) 0.047 0.77 (0.55–1.07) 0.122 0.61 (0.39–0.96) 0.031 0.65 (0.40–1.05) 0.079

LDL-C/HDL-C 0.75 (0.53–1.07) 0.113 0.80 (0.55–1.17) 0.264 0.59 (0.36–0.97) 0.039 0.63 (0.37–1.09) 0.095

HDL-C, high-density lipoprotein cholesterol; LDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
1Adjusted for age, BMI, baseline NIHSS score, baseline ASPECTS score, tandem occlusion, and bridging thrombolysis.
2Adjusted for age, BMI, baseline NIHSS score, baseline ASPECTS score, tandem occlusion, procedure time, requirement for general anesthesia,

and bridging thrombolysis.

Table 4. Independent predictors of ENI in univariate and multivariate logistic regression analysis.

Unadjusted OR (95% CI) p-Value Model1 OR (95% CI) p-Value Model2 OR (95% CI) p-Value

Baseline ASPECTS, per 1-point increase 1.50 (1.07–2.12) 0.020 1.48 (1.01–2.19) 0.046 1.49 (1.004–2.21) 0.047

OTP, per 10 min increase 0.98 (0.97–0.996) 0.014 0.99 (0.98–1.003) 0.131 0.99 (0.97–1.003) 0.130

Procedure duration, per 10 min increase 0.90 (0.84–0.97) 0.004 0.92 (0.85–0.99) 0.020 0.90 (0.84–0.98) 0.010

Large arterial atherosclerosis 1.94 (0.89–4.22) 0.096 0.94 (0.38–2.34) 0.891 0.85 (0.34–2.17) 0.741

mTICI score ≥ 2b 0.30 (0.07–1.34) 0.114 0.37 (0.07–1.86) 0.229 0.32 (0.06–1.67) 0.176

HDL-C per 1 mmol/L increase 0.13 (0.02–0.78) 0.025 0.13 (0.02–0.95) 0.045 – –

HDL-C < 0.81 mmol/L 2.58 (1.17–5.67) 0.018 – – 3.50 (1.41–8.74) 0.007

ASPECTS, Alberta Stroke Program Early Computed Tomography score; HDL-C, high-density lipoprotein cholesterol; mTICI, modified thrombolysis

in cerebral Infarction; OTP, Onset-to-groin puncture time; SBP, systolic blood pressure.

Figure 3. Causal mediation analysis is shown for the presence of

parenchymal hemorrhage as a mediator in the relation between HDL-

C levels and early neurological improvement. The mediation effect is

the indirect effect expressed as a percentage of the total effect. HDL-

C, high-density lipoprotein cholesterol.
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recent study identified that a high HDL-C level was a risk

factor for HT.29 Deng et al. demonstrated that a low TG/

HDL-C value increased the risk of HT after AIS attrib-

uted to LAA.10 Luo et al. reported that a low TG/HDL-C

value was associated with an increased risk of HT in

patients with AIS who received intravenous

thrombolysis.27 Altogether, the above-mentioned studies

suggest that a lower TG level and a higher HDL-C level

can predict HT, which aligns with our findings. However,

those studies only included small numbers of patients

with MT and did not classify HT into HI and PH, there-

fore, they did not explore the association of TG and

HDL-C levels with different levels of PH after MT. In the

present study, both HDL-C and TG/HDL-C were signifi-

cantly correlated with the PH and PH-2 risk. Each 1.0-

mmol/L increment in HDL-C indicated a 5.8-fold

increase in the probability of PH and an 11.4-fold

increase in PH-2, and each 1.0 increment in the TG/

HDL-C value indicated respective increases in the risk of

PH and PH-2 by 0.51-fold and 0.44-fold.

The mechanisms by which TG and HDL-C levels are

associated with PH remain unclear. There are several pos-

sible explanations for this phenomenon. TG and choles-

terol are essential structural elements that play an

important role in maintaining cell membrane

homeostasis.30 Low TG and cholesterol levels are thought

to cause smooth muscle cell degradation, endothelial

damage, and arterial fragility, which can lead to leakage

and vessel wall rupture.31,32 Furthermore, a high TG level

shows a positive correlation with coagulation factor VII

and fibrinogen, and a negative correlation with plasmino-

gen activator inhibitor, suggesting that a hemorrhagic ten-

dency exists at low TG levels.33 HDL-C exhibits various

actions according to the stroke subtype. A high HDL-C

level protects against ischemic stroke but increases the

intracranial hemorrhage risk.34 HDL can transport excess

cholesterol from the peripheral tissues to the liver,35

resulting in increased cholesterol efflux from the blood–
brain barrier, which may weaken the vascular endothe-

lium. HDL-C also prevents platelet hyperreactivity, sup-

presses the coagulation cascade, and stimulates

fibrinolysis, which inhibits thrombosis.36 The combina-

tion of a low TG level and high HDL-C level reflects a

vulnerable blood–brain barrier, thereby serving as a

potential predictor of an increased risk of PH after MT.

We also derived optimal TG and HDL-C cutoff points

for predicting PH and PH-2. We found that a binary TG-

HDL-C combination based on these cutoff points had the

best predictive value. Patients with a TG

level <0.77 mmol/L and an HDL-C level ≥0.85 mmol/L

were at the highest risk of PH and those with a TG

level <0.80 mmol/L and an HDL-C level ≥0.87 mmol/L

were at the highest risk of PH-2.

Previous studies have suggested that ENI is a predictor

of long-term outcomes after MT for AIS.5 Favorable cere-

bral collateral perfusion,37 ASPECTS region, higher pre-

morbid MRS, end-stage renal failure, high glucose level

on admission, absence of bridging thrombolysis, general

anesthesia, and a longer therapy interval38 have been

reported to be associated with ENI after MT. We

explored the relationship between serum lipid profiles

and ENI in this study and found that each 1.0-mmol/L

increment in HDL-C indicated a 0.13-fold increase in the

likelihood of ENI. These findings are partly in line with a

study by Deng et al., which reported that a low TG/HDL-

C value was associated with a poor outcome and high

mortality after AIS,16,39 and another study that demon-

strated elevated non-HDL-C level was an indicator of

good functional outcomes after intracerebral

hemorrhage.40 Our data demonstrated that postproce-

dural PH was an important mediator of the failure of

ENI in patients with higher HDL-C levels. The mecha-

nism by which HDL-C levels directly affect ENI remains

uncertain. Previous studies found that cholesterol may

reduce oxidative damage in phospholipid membranes,

improve the tolerance to anoxic damage during

reperfusion,41,42 promote axonal regeneration and synapse

development at the acute phase of ischemic stroke.43

Higher serum levels of HDL-C were associated with

increased cholesterol efflux from infarcted tissue and

decreased cellular cholesterol content, thereby weakening

the protective effect of cholesterol, and potentially

increasing the risk of failure of ENI after MT.

To our knowledge, the relationship between serum

lipid parameters and PH or ENI after MT has not been

reported. This study identified that a TG-HDL-C combi-

nation can predict PH and PH-2, and HDL-C levels are

associated with ENI after MT. TG and HDL-C are simple,

inexpensive biomarkers that are readily available in clini-

cal practice. Early measurements of TG and HDL-C levels

are helpful for the identification of patients at risk of PH

and failure of ENI, for those patients at high risk of PH,

aggressive periprocedural antiplatelet therapy (dual anti-

platelet therapy with or without tirofiban) should be pre-

scribed with caution. Our findings may help develop

optimal periprocedural antithrombotic strategies and pro-

vide a novel target to improve procedural safety and clini-

cal outcomes of mechanical thrombectomy.

Limitations

This study has some limitations. First, it had a retrospec-

tive single-center design and included a relatively small

sample size, which may compromise the external validity

of the results. Therefore, we interpret our findings with

caution when generalizing to other populations. Second,
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we did not obtain serial lipid profile measurements, and

it is unclear whether they fluctuated during different

stages of the disease. However, previous studies have

reported that lipid levels remain stable within 48 hours

following AIS onset and reflect patients’ baseline

concentrations.44 Third, the observational nature of the

research precludes ascribing a causal association between

lipid parameters with PH and ENI. Finally, although we

adjusted for confounding factors, the possibility of addi-

tional unrecognized confounders cannot be ruled out.

Conclusions

In this study, a low TG/HDL-C value and a high HDL-C

level were independent predictors of PH and PH-2 after

MT in patients with AIS. Compared with TG, HDL-C,

and TG/HDL-C, the TG-HDL-C combination better pre-

dicted PH and PH-2 after MT for AIS. In addition, a low

HDL-C level was an independent predictor of ENI. Post-

procedural PH partially accounted for the failure of ENI

in patients with higher HDL-C levels. Early measurement

of lipid levels may identify patients with AIS at high risk

of PH and failure of ENI. These findings may help

develop tailored medical management strategies for

patients at risk of PH after MT.
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